1. Introduction
===============

As the liver is the largest organ in the body and regulates many important body functions, such as metabolism, its effect on detoxification of hepatotoxicants also is an important function to prevent the hepatic hurt ([@b1-epj-08-2410]). Hepatic cirrhosis influences hundreds of millions of patients throughout the world. Liver cirrhosis is the final stage of diverse chronic liver disease ([@b2-epj-08-2410]), and whenever the scar tissue around the bile ducts is fabricated, this type of cirrhosis is called biliary cirrhosis ([@b3-epj-08-2410]). Primary biliary cirrhosis (PBC) is a chronic, advanced autoimmune cholestatic liver disease that impacts the condition of life and is associated with increased mortality. PBC is determined by lymphocytic cholangitis and intralobular bile duct demolition leading to expansion of fibrosis, cirrhosis, and liver failure ([@b4-epj-08-2410]). Bile Duct Ligation (BDL) is an experimental model in animals, such as rats, that in this model, biliary fibrosis occurs and progresses rapidly. The initial stages in the BDL model are illustrated by acute cholestasis, as inflammation and oxidative stress carry out important roles ([@b5-epj-08-2410]).

Herbal medicines or traditional medicines with their therapeutic effects and preventive functions in multiple diseases are invaluable. Due to low side effects of the pharmaceutical plants, in traditional medicine, they have been used as substitutes for chemical drugs ([@b6-epj-08-2410]). Vanillin (4-hydroxy-3-methoxybenzaldehyde), white or yellow crystals, is a general non-toxic food's natural additives, and gives the odor and taste to vanilla food flavor. Vanillin, a combination widely used in foods, drugs, drinks, and cosmetics, has such multifold function as anti-metastatic ([@b7-epj-08-2410]), anti-melanogenesis ([@b8-epj-08-2410]) and anti-angiogenesis effects ([@b9-epj-08-2410]). Vanillin is transformed in the liver to a phenolic acid component (vanillic acid), 3-methoxy-4-hydroxy benzoic acid. Vanillic acid is excreted in the urine mostly in conjugated metabolite and as the free metabolite ([@b10-epj-08-2410], [@b11-epj-08-2410]). Commutation of nutritional vanillin to the vanillic acid (VA), as major urinary metabolite, has been corroborated in people and in rats ([@b10-epj-08-2410]--[@b12-epj-08-2410]). Vanillic acid (VA) and 3, 4-dihydroxy benzoic acid (3, 4 diHB), two analogues of 4HB, that transport either a methoxyl or a hydroxyl group in position 5 of the ring ([@b13-epj-08-2410]). Vanillic acid (VA), a benzoic acid derived used as a consequential taste and aroma agent, is an oxidized form of vanillin ([@b14-epj-08-2410]). Vanillic acid is one of the Phenollic acids that were recognized in multitude plants, such as *C. murale* ([@b15-epj-08-2410]), *Melilotus messanensis* ([@b16-epj-08-2410]), *Juglans regia L.* ([@b17-epj-08-2410]), and orchard grass ([@b18-epj-08-2410]). Vanillic acid can be administrated as a natural antioxidant instead of synthetic ones which have a toxic potential ([@b17-epj-08-2410]). Multiple assays of the antioxidative properties of vanillin, vanillic acid and ethyl vanillin was shown the supremacy of antioxidative activity and radical-scavenging of vanillic acid ([@b19-epj-08-2410]). Vanillic acid has been shown to have considerable shielding effects on cardiac troponins, lipid peroxidation, antioxidant system, expressions of tumor necrosis factor-alpha gene, interleukin-6 and interleukin-1 beta, electrocardiogram, and also biochemical parameters in the hearts of isoproterenol-induced cardiotoxic rats ([@b20-epj-08-2410], [@b21-epj-08-2410]). Considering the ameliorative effect of vanillic acid on some cardiac parameters motivated us to consider the effect of laboratory parameter (serum bilirubin), P-R interval (as dremotropic property) and heart rate (as chronotropic property) in biliary cirrhosis induced by bile duct ligation (BDL) in rats.

2. Material and Methods
=======================

2.1. Study design and setting
-----------------------------

This experimental study was conducted in 2014--2015 at the Physiology Research Center of the Ahvaz Jundishapur University of Medical Sciences in Ahvaz, Iran. Thirty-two Sprague-Dawley rats were selected according to previous studies.

2.2. Chemicals
--------------

Vanillic acid (sigma), normal saline (N/S), Ketamine hydrochloride and Xylazine (Alfasan Co, Woderen-Holland).

2.3. Animals
------------

In this study, 32 male Sprague-Dawley rats (prepared from animal's house, Ahvaz Jundishapur University of Medical Sciences) weighing 200--250 g were used. The animals were kept in separated cages under standard laboratory conditions (temperature of 23 ± 2 °C and 12:12 h light-dark cycle) with free accessibility to food and water. The examination protocol was approved by local research and ethics committees at Ahvaz Jundishapur University of Medical Sciences.

2.4. Experimental Design
------------------------

The animals were assigned randomly into four groups (n = 8 for each group) as follows: Sham, Cirrhosis, Vanillic acid and Cirrhosis treated with Vanillic acid. In the control group, the rats underwent surgery then the common bile duct was only dissected from the circumambient tissue and was permitted to recover in separate cage with free accessibility to food and water. Biliary cirrhosis in animals (extrahepatic cholestasis) was induced by 28 days (chronic) double BDL. Each rat was anesthetized using 50 mg/kg ketamine and 10 mg/kg xylazine hydrochloride ([@b22-epj-08-2410]) and after a midline abdominal cutting and recognizing the common bile duct; a double ligature was made with 3/0 silk thread ([@b23-epj-08-2410]). In the cirrhotic treated with vanillic acid groups, vanillic acid was administrated diurnally (10 mg/kg) by gavage ([@b24-epj-08-2410]) for a period of 28 days, and other groups received a analogous volume of normal saline (in control and cirrhotic groups) or vanillic acid (10 mg/kg) by gavage ([@b25-epj-08-2410], [@b26-epj-08-2410]).

2.5. P-R interval and Heart rate recording
------------------------------------------

The animals were operated under anesthesia with a combination of xylazine (10 mg/kg) and ketamine (50 mg/kg) via intraperitoneal (ip) path ([@b27-epj-08-2410]). Lead II electrocardiogram (ECG) was seized by Bio Amp and monitored by a Power lab system (AD-Instruments, Australia). P-R interval (as a dromotropic property) and HR (as a chronotropic property) was computed from ECG recording on the first day and 28 days after performance.

2.6. Bilirubin Analysis
-----------------------

After opening the chest, blood samples accumulated for measurement serum bilirubin in plasma as a marker to show the incidence cholestasis ([@b28-epj-08-2410]). Total and conjugated (direct) bilirubin tested with kit (Pars Azmoon Co., Iran) and were measured by colorimetric method using an auto analyzer (BT3000).

2.7. Statistical analysis
-------------------------

The comparison between groups statistically analyzed using one-way analyses of variance (ANOVA) followed by LSD (Least Significant Difference) as post hoc test. The data obtained for HR and P-R interval were analyzed using the paired t-test. The data were analyzed using IBM-SPSS version 22 and calculated as mean ± standard error of the mean (SEM), and p \< 0.05 was considered to be statistically significant.

3. Results
==========

3.1. Effect of VA on laboratory parameter (bilirubin)
-----------------------------------------------------

The amounts of conjugated (direct) and total bilirubin levels in all groups are provided in [Table 1](#t1-epj-08-2410){ref-type="table"}. There was shown that the amount of direct and total bilirubin not only in cirrhotic group and in cirrhotic group received VA was significantly higher than the control group (p \< 0.001), but also significant difference between the amount of total and direct bilirubin levels in cirrhotic and cirrhotic received VA (10 mg/kg/day, 28 days) groups was observed (p \< 0.001 and p \< 0.05, respectively). There was no significant difference between the bilirubin levels in the control and VA groups.

3.2. Dromotropic property in all groups
---------------------------------------

Four weeks after BDL induction, comparison of P-R interval showed that, there is a significant decrease in cirrhotic group ([Table 1](#t1-epj-08-2410){ref-type="table"}, p\<0.05) and there was a significant increase in vanillic group (p \< 0.05). Also, the effect of administration of VA on P-R interval showed that P-R interval was increased in cirrhotic treated by VA in comparison to cirrhotic group ([Table 1](#t1-epj-08-2410){ref-type="table"}).

3.3. HR
-------

Four weeks after BDL induction, HR was significantly reduced in the animals that received VA ([Table 1](#t1-epj-08-2410){ref-type="table"}, p \< 0.05), however, HR did not show a significant difference in the other groups.

4. Discussion
=============

In this study, the effect of vanillic acid (VA) was determined on P-R interval (as dromotropic property), heart rate (as chronotropic property), and laboratory parameter (conjugated and total bilirubin levels) in cirrhotic rats. VA has an anti-inflammatory, antioxidant, and free radical scavenging properties, which administrated four weeks to control cardiovascular complications and laboratory parameters caused by cirrhosis. In Prince et al.'s study, the impressive dose of vanillic acid was (10 mg/kg); accordingly, we resolved to use 10 mg/kg in our study ([@b21-epj-08-2410]). A well-known model to construct cirrhosis in animals is Bile Duct Ligation (BDL) ([@b29-epj-08-2410]). In this study, BDL chronically induced liver cirrhosis in groups. This effect was reflected by a considerable increase in serum bilirubin levels. Bilirubin in the cirrhotic group showed a significant increase in comparison with the control group. The amount of serum bilirubin level demonstrated a significant change in cirrhosis group treated vanillic acid. BDL induced cirrhosis enhanced liver damage markers. Chronic BDL significantly increases most of plasma and hepatic cytokine levels ([@b28-epj-08-2410]). Cirrhotic groups demonstrated significant decrease in P-R interval after four weeks of BDL compared to control group. Moreover P-R interval in VA-treated group was increased significantly. It seems that vanillic acid therapy prevented the decrease in P-R interval. Bearing in mind the positive impact of VA to avoid further changes in the P-R interval in this study, it seems that VA has a useful effect on cardiac complications followed by cirrhosis and acts as an antiarrhythmic agent ([@b30-epj-08-2410]). As reported in a previous study, activation of non-enzymatic materials, such as glutathione, was increased by vanillic acid consumption and acts as a strong agent to scavenging hydroxyl radicals, reactive oxygen species (ROS), and superoxide anions ([@b19-epj-08-2410]). These effects may be related to the phenolic properties of VA ([@b31-epj-08-2410]), which removed damaging materials, such as free radicals and did not permit the release of ROS. During arrhythmia, free radicals cause damage to the sarcoplasmic membrane and increased intracellular calcium, so caused to early and delay after depolarization ([@b32-epj-08-2410]). A previous study showed that vanillic acid increased activation of glutathione peroxidase, superoxide dismutase and catalase and as a scavenger, removed free radicals and therefore, vanillic acid exerts protective effects against the damage caused by free radicals ([@b21-epj-08-2410]). These findings indicate that vanillic acid as a powerful phenolic compounds that derivative from vanillin, Probably binds with beta-adrenergic receptors and they prevent from increasing heart rate which caused by beta-adrenergic receptors stimulating. Beta-blockers also bind to beta-adrenoceptors in cardiac conducting system. Therefore, beta-blockers cause decreases in relaxation rate and conduction velocity ([@b33-epj-08-2410]). However, further research is necessary to demonstrate the mentioned hypothesis. These results are consistent with our findings for vanillic acid 10 mg/kg ([@b34-epj-08-2410]). Therefore, it seems that protective effects of VA probably are mediated via free radicals scavenging, antioxidant, blocks channels or inhibition of microsomal enzymes activities and has an antiarrhythmic property.

5. Conclusions
==============

In this study, significant decrease in bilirubin and increased P-R interval in cirrhotic group treated by vanillic acid was shown. This finding demonstrated the ameliorative effect of the consumption of vanillic acid in the cholestasis-induced model rats. This study suggests that vanillic acid, as an antioxidant agent, may be useful in cirrhotic patients.
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Comparison of P-R interval, HR and bilirubin level (direct and total) in different groups, 28 days after BDL in rat

  Groups                                   Bilirubin level (mg/dl)   P-R Interval (ms)   HR (beats/min)                         
  ---------------------------------------- ------------------------- ------------------- ---------------- ---------- ---------- ----------
  Control (Saline, 1 mg/kg/day)            0.09 ± 0.001              0.14 ± 0.001        55 ± 6           55 ± 6     295 ± 20   295 ± 20
  Vanillic acid (10 mg/kg/day)             0.1 ± 0.001               0.11 ± 0.06         51 ± 0.3         59 ± 2     290 ± 15   290 ± 15
  Cirrhosis (Saline, 1 mg/kg/day)          3 ± 0.6                   7 ± 1.7             53 ± 3           45 ± 0.4   290 ± 12   290 ± 12
  Cirrhosis+Vanillic acid (10 mg/kg/day)   1.8 ± 0.4                 3 ± 0.6             50 ± 0.5         49 ± 1     300 ± 14   300 ± 14
